Using a high-resolution difference-frequency spectrometer, we have studied the shape of four infrared lines of CO, highly diluted in N~. We have approached the analysis from two perspectives. In the first, the spectral profile of an isolated line is empirically represented by a variation from the "standard" model in which the mass-diffusion constant is replaced with a pressure-and line-dependent "optical" diffusion constant. In the second, we abandon the concept of an "optical" diffusion constant and replace it with a physically more tenable hypothesis that the departures from the standard model are due to a slight deviation from the usual exponential decay used to describe the collision broadening of spectral lines. This shifts the focus of the discussion from an analysis of the translational dynamics to an analysis of the dynamics of the internal degrees of freedom.
INTRODUCTION
The absorption and emission of radiation in the infrared plays a significant role in the dynamics and energy balance of the atmosphere and is critically dependent upon line shapes. Consequently, to model the atmosphere, a knowledge of the spectral profiles of the optically active molecules is required for a number of perturbers (principally N2) and over a wide range of temperature and subatmospheric pressures. Because of the complexity of the problem, it is not realistic to imagine calculating an entire spectrum from first principles. A computationally manageable code is required. Two problems must then be addressed. First, precise experimental profiles are required so that the underlying physics may be understood and second a model must be developed that includes all the important contributions to spectral band or line shapes. A common computational method uses a stick spectrum that has been broadened and shifted due to a combination of Doppler and collisional broadening and collisional shifts. Such a Voigt profile is known to be incorrect physically. If the molecular mean free path is small compared with the wavelength of the light being emitted or absorbed, the translational width is reduced. This is known as Dicke narrowing [1] . Forsman et al. [4] using the Raman spectrum of D2. Small but predicted departures from the soft-collision model for y(k, t) [5] 100 . Also shown is 100 times the deviation from a best-fit curve to be discussed below. The signal-to-noise ratio is about 1700 in the wing of the line. Such high-quality profiles have allowed us to critically examine the theory of models of IR line shapes in dilute gases.
RESULTS AND DISCUSSION
Like Forsman et al. [4] and many others, we have used as the reference or "standard" model for the spectral time correlation function, C (t), a form given by C (t)=y"(k, t)@ (t), where y"(k, t) is the self-part of the intermediate scattering function for the soft-collision model [5] . Using It is proportional to density since D is inversely proportional to density. To emphasize that y"(k, t) is the standard model we shall write it as y"(z,t), implying that the narrowing parameter is to be computed from the known mass-diffusion constant. In the same reduced variables, @ (t), the standard model for the decay of the optical coherence has the usual form N (r)=exp( -yr).
Here ynd is the half width at half maximum of the line (HWHM in radians per second). For low pressures, both y and z are proportional to the pressure [9] . In this paper we are not concerned with frequency shifts.
To fit the experimental profiles we have used an empirical correlation function, Cs, (t), that has the same form as the model correlation function, C ( t ), except that the narrowing parameter was allowed to "Aoat. " This is equivalent to using a so-called "optical" diffusion constant. All of our time correlating functions were normalized to unity at t =0. At a given density, a fast Fourier transform was used to convert C", (t) into frequency space. This was fitted to the spectral profile using the technique described in Ouyang and Varghese [10] and a value of y and z extracted. ' We are interested in y, the broadening parameter, z, the narrowing parameter, and how well the assumed profile fits the experimental profile.
The solid curve shown in Fig. 2 This work Nakazawa and Tanaka [11] S (7) P (17) R (7) R (18) 6.22{12) 5 [11) ,which are also given in the table.
We now consider the narrowing parameter. Figure 4 shows a plot of z as Figure 6 shows plots of y"(z,t) and C&(t} for pressures equal to 16, 5 Fig. 4 Fig. 4 . ] In the region (2 -3)r, where [@, "~, (t) 4-(t)] is large, y"(z,t) is constrained to be between a lower limit of (0.91 -0.81), the free streaming or zero density value and 1, the limit reached asymptotically as the narrowing parameter or density approaches infinity. Note that y"(z,t)~~i s about (2 -4)% higher than the correct y"(z t)&6 at (2 -3)r, The fact that the range (2 -4)% brackets 3%, the modification required in (r) in the same region of time, is convincing evidence that it is the nonlinear dependence of y"(z,t) on density that is the reason it requires a large increase in the narrowing parameter to compensate for a small departure It was our original reaction to interpret our deviations from the standard model in the same manner as Forsman et al [4. ]. We are now in a position to discuss why this is not possible. In that article, departures from the standard model were interpreted in terms of departures in y(k, t) from y"(k, t), the form of the intermediate scattering function given by the soft-collision model. The work of Desai [15] , which is based on solutions of the Boltzmann equation for a given intermolecular potential, shows that such departures are both time and density dependent. The departures vanish at both low and high densities and at both short and long times. Noting that the hard-collision model [14] 
